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(cxperimental Investigations)

The role of factors of the surrounding medium, ineluding air
and objects of the wo:king unit, in the spreading of patnogenic
microves and viruses has oveen established bota experimentally and
by clinico-epideniiologsical observctions. ‘therefore the clearing
up of the details of the aerial method of spreading patnozenic
microvbes amonz people creates the prerequisite for an active attack
on this process, and by this promotes the development of measures
for preventing the develoyment snd spreading of airborne infections.
The dancer of a bacterial (virzl) serosol depends not only in its
stability, but also the capacity of the pathogenic microorbaniurm
to preserve their viability and virulence wnile exlsting in the air,
it is necessary to note, nowever, that the duration of survival and
preservation of biological activity (virulence) by pathogenic mi=-
crobes, inciuding hemolytic staphylococci and streptococci, in the

&ir and on objects of the working unit have still been studied
insufriciently.

Tns first works on the study of survival of microorganisms
wnich ere suspended in the air were carried out in tne thirties of
the current century. Ilaving sprayed broth cultures of pneumococci
and hemolytic aud viriaans streptococci and also the diphtheria
bacillus in an air medium, W. Wells and V. Stone (1934) established
that these microorganisms remain viable in the air for 48 hours.

according to the findings of S. S. Kechmenskiy (1944), betae
hemolytic streptococcus, when sprayed in tne air of an isolation
room at a temperature of 16-17° and humidity of 60=-65j, preserves
its viability in tune aerosol for 20 hours. As established by tne
author, tne viability and virulence (for white mice) of this micro-
organism, which had settled out from the acrosol onto glass par=-
titlons in the room, were preserved for 5 days. 1n the experiments
of V. I. Vasnkov and Ye. K. Serevryakovaya (1954) hemolytic strep=
tococeus, suspended in the alr of an experimental room, was detected
19 hours after a suspension of 1t was sprayed.
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G. Schecameister and L. Goldaberg (1950), in studying. tae sta-
bility of Lireptococcus zoocyidenicus in air at a toagerature ol
18-20° and relative numidity of 56-4¢2., established tnat treir sur-
vival in an aerosol depends on tne nature of the liguid in vinicn tae
microbial suspension beinj sprayed was prepared. The lonrest sur-
vivul rate was observed in an acrosol from a suspension on tryptoso-
pnospinate vroth witn 10p% bovine serum. . Wells (1955), waile ovserve
ing viability of v.rious microbes waicn were spr.yed in the air at
room tecmperature and 70 relative numiaity, showed that staghylococcus
is quite stable in an aerosol state. It was detected in the air on
tne 6th day after the experiment was set up.

V. V. Vlodavets (1956), wnile studying tnhe colloidal-cnemical
properties of an aerosol of Stapnylococcus albus, detected that &t
high indices of humidity (79-91%) the concentration of microbes in
tne dust-borne and droplet pnases decreascs rapidly. 4t a low
humidity (23-35%) staphylococcus is preserved longer in the air in
poth phases of the aerosol. L. P. Ferlina (1955) studied tne sur-
vival of virulent staphylococcus in tine dust-borne pJhase of an aerosol
under tne influence of natural factors of tne external medium. Tie
experiments were set up on test objects (wool and cotton) whicn were
sown with a culture of staphylococcus, botlh protected by protein and
also devoid of this protection. The author snowed that staphylococci,
protected by a protein membrane, in the dust-borne phase in difruse
light survived from 194 to 216 days and preserved their virulence
for 125--170 days. If the same staphylococci were deprived of the
protein protection, tnen in the dust-borne phase they remained viable
for several days.

1t was established in the observations of il. &. Zlatoust (1957)
that Staphylococcus aurcus, sown on surrounding objects (iragments
of cotton tissue) in the form of the droplet phase of an aerosol,
under conditions of darkness at room temperature preserves its via-
bility and blological properties for 84 days. Following the admission
of daylight in the room situation the stapuylococcl on tne same
objects were preserved for 42 days, but losses of thelr bilological
properties set in in the 3rd week.

It can be seen from the cited literature review that data on
the influence of temperature and relative humidity, and also other
natural factors of tne external medium, on the survival of patho;enic
stapnylococci and streptococcl in the air and on surrounding objects
are very limitcd. .loreover tic results ol ocoscrvations couducted by
different investigators on the periods of survival of these micro=-
organisms ln the external envircnment are quite contradictory.

The objects of our investigations were cultures of hemolytic
staphylococcus (7 strains) and hemolytic streptococcus (4 strains)
which were freshly isolated from patients. .ll the strains of staphy=-
lococcus possessed well expressed hemolytic properties, caused theo
coagulation of cltrate plasma of rabblt blood in 4-6 hours, and
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causcad t.e ueatin of walte rnilce in 72 .uocurs followin; intrapcritoneal
adminisiration. :iHemolytic streptococci were cnaracterlizea by typical
morphologica.. ana cultural properties, and also virulence Ior wiite
nice.

The tests were set up in an aermetic chamber witn a capacity of
180 liters «t temperature ranges whicn are encountered undor natural
conditions: from 14 to 29° and a relative humidity Iroum 45 to 87%.

ror ootaining the droplet phase of tne aerosol we used suspen-
sions of 24-nour cultures of tine nmicroorganisms being tested. 4Aer-
osols were created with the help of an electric inhaler under tne
action ol & compressor, The inhaler made it possible to obtain drops
with a dizmeter of 2-3 mic rons. The process of spraying the suspen-
sion ol microbgs lasted for several seconds. A4s liquids for suspend-
ing the 24~hour cultures of microbes we used: distilled water, meat-

peptone broth, blood serum, physiological solution of sodium chloride
and saliva,

For creating the dust-borne pnase of tne aerosol we used the
dust {ror1 an inhabited accommodation. The dust, whicn was collected
wita the help of & vacuum cleaner, was passed twice through a sieve,
disseminated on Petri dishes, and sterilized witin dry heat at 160°
Ifor 2 hours. Thie sterile dust was sown with a culture suspension
of. staphylococzus or streptococcus witn a density of 20=--30 billion
microbial bedics in 1 mle. Subsecuently the seeded dust was treated
by Bhe metihod described by V. V. Vliod.vets (1960). The dust-borne
onase ol the aerosol was created in the above mentioned chamber by
means of spreying dust, sown with the microorganisms being tested, . -
with the help of a powder blower. As a result of the spraying (20=- )
=30 mz of contaminated dust) an acrosol was obtained in the chamber
wnich nad a particle size witiln limits fram 2 to 50 microns.

The tests were reproduced both in still air and also in an air
medium whicn was found in constant motion. 1n the latter case for
sustaining the movement of the air a two-blade blower was mount.d on
the bottom of the thamber. it operated at a rate of 40 rpm.

in verious pefiods of time after sowing of the air medium rf
the chamber samples of alr were taken by the sedimentation {(cup) and
aspiration (Rechmenskly bacteria trap) methods. For detection of

streptococcus we used Garro medium, and for staphylococcus - salt
acar.

For collection of air samples by tio scdimentation method two
cups with the corresponding selective medium were exposed in tae chame
ber (5 minutes euch time). After thls exposure the dishes were
removed from the chamber and incubuted for 24 hours at 37° The nume
ver of colonies from & series of these dishes, successlively exposed
in the chamber up tc 24 hours from tne onset of seeding of tane air,
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made 1t possible to determine tie intcnsity of sedimer tation of jarti-
cles from tiac aerosol of thne microbe being tested,

The number of viable micrones whichn remalned suspended in tio
air was deternined by tie aspiration rniethod. Mor this purposc 10
liters of «ir was passed throun tae hOCﬂHLﬂuuly bactveria tra) ai'ter
the presence of the correspondiny microorganism in tic air vas no
longer recorded by the cup nietnode. The liquid Lron tae vacteria
trap vaw .moculatoc‘ on t.ae same rselectivo nwediu. Yho goedings wore
incubated for 24 hours at 379, Based on tne number of' colonies
wnlcn grew on tne dishes with the selective media, recalculated for
tne volume of air passed, we establisned the number of vi. le speci~
mens wnich remained in a suspended state in the air medium of the
chamber.

A serles of tests was set up for studying the survival of stapnhy=-
lococcus and streptococcus, suspended in the air in the droplet phase
of an acrosol, depending on the temperature of the surrounding medium.
AS tne investlgations showed, the most stable were aerosols which
were formed on distilled Water with 1% Serum.

The results of these tests by individual groups are presented
in figures 1 and 2. &s can ve seen from tmedata given in the drawings,
witn an increase of air temperature there is a regular decrease in
the number of both streptococcl and staphylococcl wnich are isolated
from the aerosol, i.e., under these conditions taeir death is speeded
Upe

Thus, at a temperature of 22-25° in 6 hours after spraying of &
suspension of staphylococci 28.7% microbes was revealed, waile at a
temperature of l4-l7° in this seme interval 45.5%» remalined viable.

In 12 hours 2% of the stapaylococel remained viable in tane first

case, wnlle in the second case 52.5% of tne microbes remained vieble

in tne eir. 4&nd, finally, after 4 days at a temperature of 22-25°

O. 72% of the staphylococcl remained viable, and at & temperature of
14-16° they were isolated in the proportion of 8.2j5s It is necessary
to note that in the lust case (at 14-1C") staphylococcl were isolated
(0e5%) from the air still on the 8ta day after creation of tho aerosole.

An analogous regularity is observed in tne series of tests rel-
ative to the survival of hemolytic streptococcl in the droplet phnse
of an aerosol under the same conditions. At a temperature of 21-25°
quite rapld death of streptococcl 1s recorded. Thus, in 6 hours
after spraying of & suspension of tnls microbe 3.5 of atreptococcl
is 1solated from the air (96.5% perished). At a temperature of 14-16°
in this same interval 18% of the streptococci remained viable. In
the course of 72 hours the air of tne chamber was already practically
sterile, since in samples of test and control investigations strepto=-
coccl were not detected,

In comparing the results of these tests it is posslble to note
that streptocococl are less stuble in alr than staphylococci.
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Figure 1. Survival of st

phylococel in the air of a chamber at
various temperatures.

Key: (a) Staphylococci in %; (b) hours; (c) days; (d) Duration of
observation.
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Figure 2, Surviv.l of streptococci in the air of a chamber at
various temperatures,

Key: (a) Streptococoi in %3 (b) hours; (c) Duration of observation,
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In tacse scries of tests tae humidity of the air varicd insige
niticzntly (fluctuations were rccorded witn limits from 40-50j to
45-5905)e Therefore it can be considered tnat nere the tested riicro-
organisms died malnly due to the teuperature influence, : ince the
latter chanzed within considerable limits (from 14 to 25°), apparently
under tnese test conditions humidity ald not play a sijnilicant role.

For clearing up tne influence of humidity on tae survival of
streptococcl und stapnylococcl which are suspended in tae air a
special series of tests was set up in two variantse. In tne first
variant the investigations were conducted at a comparatively low
temperature (16-17°); in the second variant, conversely, at & higher
(27-299) temperature., In both variants a comperison was rade of tne
influence on these microorganisms of a relative air humidity within
limits of 40-57 and 84-92%. The incresse of relative humidity of
the alr was achieved by wetting it wita water vapor,

The results of the investigations by groups of tests in this
series are given in Table l. As can be seen from the data in Table 1,
at a temperature of 16-17° and increased relative air humidity there
is an increase in tne survival rate of staphylococci whicia are sus=-
pended in it. Thus, in 30 minutes aiter spraying of a suspension of
staphylococci the number of microbes isolated from moist air (test)
comprised 133k relative to the nwuber of microbes detected in dry air
(control); in 60 minutes the nwaver of viable microbes in the test
investigations comprised 145%, in 2 hours - 142%, and in 4 hours =
13156 1t follows fr.m this that at a temperature of 16-17° for the
entire extent of tne test (duration of 4 hours) in moist air more
staphylococcli were revealed in a comparison with dry air. Conse-
quently, an incrcase oI relative hunidity at a couparably low tem-
perature under conditions of an enclosure (16-17°) promotes the more
prolonged survivul of staphiylococci.

In the third group of tests, conducted wita an aerosol of
streptococel at the same teomperature (15-16°9), in 30 and 60 minutes
aftor soraying of a susponsion ol microbes in moist air a greater
number of micronhes was dotectod (correspondingly 126 end 1llp») than
in dry air, just @as in tno previous pgroup of testse Subswquently,
however, an opposite pnenomonon 1s observed, i.e., a decroase in the
number of streptococci under conditions of moist air (test) in come
parison with non-moist (control). Thus, in 2 hours the number of
streytococc. detected at increased huiildity oomprised 72, and in
4 hours = 56 relutivo to the nwsber of taem in dry air. Thus an
increase of relative humidity has & positive influence on the stabile
ity of streptococci in the air only in the first 60 minutes atlter
thoy have been sprayed., Later, conversely, in moistened air tne
intensified death of streptococol is recorded in comparison with
dry air,




in tae uocond and fowrtn sroups ol tests, conductcd a4t o tcm=
perature ol 27-29%, an incrcase of rclutive hwaidity did not cxert a
favorable iniluence on the staoility of tiacse microorganicsas in air.
Under tnese coaditions botn at a iow (40-60,.) and hi-n (30-02,)
humidity the quite ranid death of streptococci wud stapaylocecci Lo
noted. ileroc 1t is nccessary to stress tuat under tne condivions
crcated for tile entire porioda oif tac test strestococecl woere soparited
fron the air in a lesser quantity than stapaylococe ie Cousoquonily
streptococci In an aerosol state are riore sensitive to unfavoruavlo
factors of the external environment in conparison with stapnylococcle.

Investigations for studying tae aerodynanic prouerties of tho
dust-borne phase of an aerosol of tie tested microorganisms vere
carried out at & temperature of 18-22° and relative air humidity of
45-60j5¢ One hour ailter the secedin; 7.5s of streptococci and 17 5,
of staphylococci remained viable in ite Two hours after formation
of the dust-borne phase of the aerosol 4 of streptococci and 12.5%
of staphylococcl preserved tneir viability.

By the end of the 8th hour of existence of tnc aerosol 6y of
the staphylococcl and O.l% of t.:e streptococci remained viable in
the air, These findings also testify that stapaylococci in the duste
borne phase of an aerosol are :more stable taan streptococci.

also important are findinge on the length or' survival of stapny-
lococci and stroptococci on various objects in the environment sur-
roundin; man following thelr contamination by droplet and dust-borne
phzases of aerosolse. For clearin; uy this problem various test oojects
= fragmonts of cotton, wool tricot fabric, glass plate, porcelain,
and wood « were placed in an nermmetic canamber and secded with tae
test microorpanisms in the droplet or dustetorne pnase of an aerosol.

The microbe-infected test objeccts were trunsfeired tvo jlass
desiccators, tho covers ol wnich wero equipped wita a cotton rilter
(for ensuring the entry of storile air), and presorved under various
conditions of accommodation for & prolonced periode. Dburing storase
the test objects were subjocted to bacterliological investigatione

Colonies of staphylococci and streptococel, sown out from tne
test objocts aftor various poriods of storage, wcre subjected to
a thorough study. Here thnelr morpinolo;ical and blological propertiocs
were cheoxod, whica made it possible to obtain a concept not only of
the duration of survival, but also of the preservation of bieclojical
&ctivity by these microorgenisms,

The duration of preservation of viability and biological
activity of ataphylocooci and streptococci on tne tostod objocts, as
the observations showed, fluotuated from several days to soveral
months. The duration of survival of thesc microorganisms under var-
ious conditions of storage of tho test objects is influenced by tao
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initiel amouat of thum applicd to this or tiat odbject. 1ln a siall
quantity (vens of cells pur 1 cul®) survivel is greserved for from
2«19 days (streptococecl) to 6=27 days (stapnylococeci); in a lar:e
quantity (tens ol thousands) the ricroves survived, as & rule, for
from -5 weexs (strcotococcl) to o=-8 montas (stapaylococci)e. On
objects wnich were stored in tne dark tuese nicroorpganisuis survive
2= times lonzer tnan under conditions of natural ligchte.

Biolo;ical uctivity (virulonceo) of tuao tostud microor_ unismng
under those conditions is &lso proserved for difl'erent periods. Thus,
stapnylococeci on objects wnich were sown witn the droplet phasc of the
&erosol under conditions of darkness preserved virulence for white
mlce for from 6«16 to 50-84 days. witn the acmission of natural
lignt they lost tneir virulence correspondingly in Iraa G-8 to 18-45
days. Virulence of stapnylococci, sovn on oojects in the form of the
dust-borne phase of tn aerosol is preserved for more prolonzed periods.
Under conditions of naturcl lignt in the bacterial dust these micro=-
organisms remained virulent for from 9-17 to 54-95 days. Staphylo=
coccl preserved tneir virulence for tine longest period in tne dark
(correspondingly from 20-36 tc 142-176 days)e

An analogous regularity is noted also in respect to streptococci.
With the admission of natural lignt they lost tneir blological active
ity comparatively rapidly = in tae droplet phase by the 3=7th, and
in tne dust-borne phase by tae 8-18th day. In the durk these prop=
erties of streptococcl were preserved correspondingly from 6«14 to
20-25 days.

These findings testify that hemolytic staphylococci, sown on
various objocts, are little sensitive to desiccation and therefore
are preserved on tihem for lon; periods botn in tne dark and with the
admission of scattered ligante IHomolytic streptococcl turned out to
oe quite sensitive to desicration under the same conditions of their
existonce, Tnus, nemolytic stapnylococci, beling preserved on seeded
objects under unfavorabvle conditions for lon;er periods in compari-
son with nenolytic streptococei, without & doubt present a greater
threat both in a sanitary and epldemiologiocal respoot.

Conclusions

l. The »eriods of preservction of viabllity of namolytic staphy-
lococci and streptococcl in an aorosol state depend not only on tane
tomperature=nwaidity reslisen of tio air moediwa, but also on the nature
of tao liguid usod for proparation of suspensions of taem. Those
micvrobos preserve viability for the longest period in an rerosol

which is formed f{rom a suspension propared on distilled water with
5% gerum,

2. ilenolytic staphylococci in an aerosol, formed on distilled
water wich §% serum, romain vicole for 8 days, while hemolytic stro, =
tococci under theso same conditions are revealed in tiw alr only for
S days, Blological activity of atreptococci here 1s presorvod for
1 day, and of staphylococci - for 6 days.
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Se Stapnylococci, founa in vac ¢orn or vne drogslct or Gusi=dorae
phase ol an aeroeo;, ere livtle scnsitive o tue Zuilucice of 1ona
temperaiure {16-24#2) and moderate rel,uivc Awiidity (Hu=0i, e v a
‘high relative numidity (80-874) and incrcased tenpersture (27-2590)
their necroscis in tae air is speedcd up notiiceably. under t.icse con=-
ditions they are prescrved in tihe aorosol stute Lor o GLySe

4e Streptococci in an aerosol state are vory sens-tive co
increascd uenpo"ature at na rm;ull indices of relativo nwiidity b CC,2) e
Hizh relative humidity (80-87:) wita increased temperaiure (27 ”d )
intea31¢1es the influence of tiae latter on their survival in tae air.
Under those conditions® sireptococci are preserved in an aerosoli for
only 12 hours,

5. ‘llaximum periods of survival of staphylococci (8 duys) and
streptococei (3 days) in the air and the preservation of their biolog-
ical active (correspondingly 6 days and 24 hours) are recorded at a
temperature of 14-16% and moderate indices of relative humidity (45=60;)e
Apparently an increase or rela*ive humidity at a comparatively low
temperature of the air medium of the acconmodation can promote tnc
effect of aerozenic contamination.

6 On objects, sown with the droplet vhase ol an eercsol, staphy=-
lococci in the dark at room tenmperature remain viable for from 13 to
106 days. Their virulence under these conditicns is preserved fro.. 6
to 84 days. With the admission of matural light they are preserved
for from 5 to 64 daya. Here the stapnylococci lose their virulence
in 5=-45 days.

7. 'Stapnylococci, seeded on objects in the form of tne dust=-borne
phase of :n Gerosol, under conditions of darlkness survive for & lon_er
period (from 37 to 212 days)e Their virulence under these conditions
is preserved for from 20 to 176 days. Wwitn the admission of nutural
light they remain viable for 18115 days, and their virulence is pre-
served for 9-95 days.

8e Streptococci, secded in the form of the droplet vnase of an
aorosol on objects, are preserved in tne dark for 4~12 daysg their
virulence is lost in 2-6 days. Upon admission of natural lignt they
remain viable for 2-8 days, and they lose tieir virulence in 1-4 days,.

9. -Streptococci, secded on objects in the form of tihne dust~borna
phase of an aerosol, preserve their viabllity in the dark for from 10
to 62 days. Thelr virulence 1s preserved for from 6 to 57 days. Vith
the adnmission of natural light their viability is reduced to 6=35 days,
and viruleice 1s preserved for from 5 to 20 days.

lO.*ﬂﬁumolytic staphylococcl are preserved in an eserosol state
and on objects of the work unit for considerably longer periods than
hemoiytic streptococcl ¢~ _Thereforo, 1ln the capaclity of sanltary-sig-
nificative microorganism or an appralsal of the ailr medium of sick
quarters it is necessary to consider not streptococcl but hemolytic
staphylococcl,
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